A total of 174 blood isolates of Escherichia coli, collected during a 5-year period at the University Hospital Utrecht, were serotyped with rabbit sera against 171 0 antigens and 73 capsule (K) antigens. The four most prevalent 0-antigen serotypes were 06 (n = 22), 018 (n = 19), 01 (n = 19), and 02 (n = 15). Thirty-one strains were not typeable with any of the 0-antigen-typing sera. Of the 148 strains that were subjected to K-antigen serotyping, 34 strains lacked a K antigen and 41 were not typeable with the K-antigen-specific antisera used in the study. Ki was by far the most frequently found K-antigen serotype; this was followed by K2, K53, K5, K13, K7, K(A)28, and K15. Strains possessing a Kl antigen were further classified as either 0-acetyl-positive (n = 12) or 0-acetyl-negative (n = 21) strains. Retrospective analysis of patients infected with different E. coli isolates-nonencapsulated (n = 23), 0-acetylated Ki (n = 12), and non-0-acetylated Ki (n = 21)-revealed clinical differences. More patients suffered from sepsis (94% versus 74%), and a higher rate of mortality was found in the group infected with Kl isolates (18 versus 9%v) than in the group infected with nonencapsulated isolates. More patients with severe sepsis (25 versus 10%) and a higher mortality (33 versus 10%o) were found in the group infected with 0-acetylated Kl isolates than in the group infected with non-0-acetylated isolates. Also, the hospitalization of these patients was prolonged. Thus, 0-acetylated E. coli Kl strains seem to be more virulent than non-0-acetylated Kl strains.
MATERIALS AND METHODS
Bacteria. A total of 174 E. coli isolates were consecutively isolated from blood specimens of 174 patients sent to the microbiology laboratory of the University Hospital Utrecht between 1986 and 1991. Routine biochemical identification was performed with Enterotube II Roche (Hoffmann-La Roche, Basel, Switzerland). When no reaction was observed with any of the 0-antigen-typing sera, the strain was confirmed as an E. coli strain isolate by the following biochemical reactions: triple sugar iron, urea, indole production, malonate production, and citrate utilization.
Serotyping. Serotyping was performed by the method described by Guinee et al. (4) . Bacteria were grown in bovine broth, incubated overnight at 37°C, and then treated with heat at 100°C for 1 h. The 0-antigen group of these boiled E. coli isolates was determined by using agglutination reactions with antisera to each 0 antigen. Polyclonal-absorbed rabbit antisera to 171 E. coli serotypes were used throughout the study. Strains that did not show agglutination with any of the typing sera were again grown in broth for 24 h and were then autoclaved for 2.5 h at 120°C to remove certain heat-resistant K antigens; agglutination assays were performed with antisera only against 08, 09, 020, and 0101 (12) . All strains were titrated in twofold dilutions into the 0 serum or sera in question. If the titer was 640 or higher, the strain was assigned to that group. The strains were regis-tered as nontypeable when they were K- (1) K2 (4) K13 (5) K15 (2) K53 (6) K? (4) 018 19 (10.9)
K- (7) Kl (4) K5 (2) (6) K2 (1) KS (4) K7 (4) 08 (Table 3) .
In Table 4 
----------------------------~~~~----
D.C., during the period from 1974 to 1978 and found that the most frequently detected 0 antigen was also the 06 antigen (14%); this was followed by the 01 and 04 (both 8%) and the 018 (6%) antigens. The 01 (11%) and the 018 (11%) antigens were more frequently identified in our study, while the 04 (8%) and the 016 (6%) antigens were more often detected by Cross et al. (2) . These minor differences indicate that the prevalence of the most abundant serotypes has not changed considerably during the last 13 years, even with isolates obtained from different geographic areas. 0rskov and 0rskov (9) antigens were also frequently found in our study (9 and 13%, respectively). The 04 antigen, on the other hand, was Days detected in only 2% of the patients in our study, and the 075 L. Mortality in the groups of patients infected with Kl antigen was not found at all. It is remarkable that 0rskov and The survival probabilities for patients infected with either 0rskov (9) were not able to detect the 018 and 01 antigens ated E. coli Kl (*; n = 12) or non-0-acetylated E. coli Kl frequently (only 4 and 3% respectively), while we identified 11) isolates are presented by Kaplan-Meier survival curves.
each of them in 11% of the patients. Another notable rence between both groups was not significant (see text).
difference was that 0rskov and 0rskov (9) were able to identify the 022 antigen, while we could not. This implies that during the last 25 years some change among serotypes ,in the group infectedwith 0-acetylated Ki isolates has occurred. However, we cannot rule out geographic average 9.8 years older (95% CI, -1.2, 20.8) than differences. the group infected with non-0-acetylated isolates.
Siitonen (14) found that E. coli strains isolated from the with 0-acetylated E. coli bacteremia had cardiovasfecal flora of healthy adults resulted in the following six sease as the underlying disease 2.2 times (95% CI, common 0 groups: 01, 018, 06, 02, 07, and 025. Tomore often than patients with non-0-acetylated E.
gether, these 0 groups represented 30% (85 of 287) of the cteremia. APACHE-II scores were significantly identified 0 antigens. In our study of isolates from blood, n the group infected with 0-acetylated isolates (P = these serotypes represent 49% (86 of 174) of the 0 antigens, ann-Whitney U test). The acute physiology compoindicating that there is a similarity between fecal and bactethe APACHE-II score also differed significantly remic strains. Siitonen (14) found that 62% (178 of 287) of the i the two groups when age was taken into account (P strains were encapsulated, while in our study, 79% (118 of ; linear regression model). Bacteremia originated 1.9 148) were encapsulated. This indicates a higher level of 15% CI, 1.1, 3.4) more often in the urinary tracts of encapsulation among bacteremic strains than among fecal ,infected with 0-acetylated Kl E. coli isolates than it strains. he urinary tracts of patients infected with a non-0-Our results showed that the Kl antigen (31%; 37 of 118) ed Kl strain. The relative risk of developing severe was the most common capsule type found among encapsuwas 2.6 times higher (95% CI, 0.5, 13.6) and the lated bacteremic strains; this was followed by K2, K53, K5, iof hospitalization of the survivors was 7 days longer K13, K7, K(A)28, and K15 (together, 62%; 73 of 118), I, 2.0, 15.4) in the group infected with 0-acetylated arranged according to frequency. McGabe et al. (6) also than in the group infected with non-0-acetylated found Kl (20%) most frequently; this was followed by K2 Also, the mortality rate in the former group was (6.7%) and K12 (3.3%). However, K3, K13, K15, K52, and hazard ratio, 3.8 (95% CI, 0.7, 21.2) (Fig. 1 ).
K53 were found less frequently. Our results are in accordance with those of Cross et al. (2), who showed that the Kl DISCUSSION antigen is identified the most often; this was followed by K5, K2, K12, K52, and K95. Our results are also in agreement s report, we described the serotyping of 174 E. coli with those of 0rskov and 0rskov (9), who found the Klisolated from blood and provided clinical data for antigen type in 18% of the patients. The order of frequency itient groups: those infected with nonencapsulated E.
of the other capsule antigens was K12, K5, K13, K2, K15, vell as those infected with encapsulated 0-acetylated K52, and K25 (11). The Kl capsule was found significantly i-O-acetylated E. coli Kl isolates. Six major 0 types more often in isolates from blood and urine than in isolates 18, 01, 02, 08, and 015) representing 50% of the from stool (8) . , were found. McGabe et al. (6) carried out a similar In two of the three aforementioned studies (2, 9), the f 149 patients and found the following order of authors did not study the relationship between isolated E. cy of 0 antigens in adults: 06 (13%), 04 (8%), 02 coli strains and the clinical course of the bacteremic patient. 18 (6%), 016 (5%), 01 (5%), 07 (5%), 015 (4%), 025 We did evaluate this relationship in the present study. Since 8 (3%), and 075 (3%). The 06 antigen was also the it is well-known that Kl strains are more virulent than evalent 0 antigen in our study, while the 04 antigen nonencapsulated strains (11) (6) , in which E. coli strains were related to sensitivity to serum and the severity of underlying disease. They found that K-antigen-containing strains did not appear to be associated with an enhanced severity of bacteremia. However, those researchers used only 18 K-antigen-typing serum samples compared with our 71, and thus, they may have missed some of the capsulated strains. 0rskov et al. (10) found that E. coli strains containing non-O-acetylated Kl antigens were less immunogenic in rabbits and therefore may be more virulent than 0-acetylated Kl strains. To investigate whether 0-acetylation of E. coli Kl is associated with severity of disease, we compared the clinical data for patients infected with 0-acetylated strains with data for patients infected with non-O-acetylated strains. The group infected with 0-acetylated isolates was older than the group infected with non-O-acetylated isolates and their APACHE-II scores were significantly higher (age points are included). Cardiovascular disease as the underlying disease was found more often in the group infected with 0-acetylated strains than in the group infected with non-Oacetylated strains. Most of the infections caused by 0-acetylated bacteria originated in the urinary tract. More patients with severe sepsis were found in the group infected with 0-acetylated isolates than in the group infected with non-Oacetylated isolates. Also, the duration of hospitalization was longer and the relative risk of dying was higher in the group infected with 0-acetylated isolates.
In summary, the results of the present study indicate that the 0-acetylated Kl E. coli strains are associated with more severe disease than are the non-O-acetylated strains. This conclusion does not agree with that found in studies in animals, namely, that the 0-acetylated strains are more immunogenic and presumably less virulent than the non-Oacetylated strain. Thus, it would be worthwhile to confirm our observations with a larger number of clinical isolates.
